THE possibility that contamination of dietary staples by aflatoxins could be an aetiological factor in liver cancer was originally suggested by le Breton, Frayssinet and Boy (1962) , soon after the outbreak of Turkey " X " dlisease in Britain and the realization that a fungal metabolite was involved. Further experimental and epidemiological research supported this suggestion and Oettle (1965) , reviewing the situation, concluded that a mycotoxin hypothesis fitted the known liver cancer data better than any other suspected aetiological factor. Little has been added over the last decade to our knowledge of aflatoxin toxicity or carcinogenicity in man and Newberne and Butler (1969) have warned that factual evidence must be awaited and caution exercised in assigning the aflatoxins a role in world-wide liver cancer. This is particularly so in Africa where the dietary staples which may be contaminated are major sources of food and often represent export crops vital to the economies of such countries. It was decided, therefore, to ascertain whether the aflatoxins were ingested by man; whether an association existed with the incidence of liver cancer and, finally, whether a doseresponse relationship could be established.
It was considered that such a study must be population based and designed for comparison with areas of varying cancer incidence or widely differing aflatoxin ingestion levels. Although the aflatoxins are relatively heat stable and possibly survive most cooking methods, preliminary studies indicated that housewife selection of foodstuffs could lower the food aflatoxin levels inferred from examination of market samples or even home stores. The analysis for the aflatoxins was made, therefore, on prepared food ready for ingestion. New fungal metabolites with hepatoxic and hepatocarcinogenic properties were, and are, being reported as work is intensified in this field but sufficiently sensitive analytical methods were not available for known carcinogenic mycotoxins other than aflatoxin at the time the survey was started and the present investigation was limited to the aflatoxins.
The Murang'a district of the central province of Kenya was chosen primarily to check the feasilibity, methodology and general study design. There was no evidence to suggest that the frequency of liver cancer was higher here than elsewhere in East Africa. The area has a high density rural population living traditionally on food mostly produced within the district. No groundnuts are grown or used in this area but Aspergillus flavts has been reported to grow on the cereals which form a major part of the diet (Christensen, 1957) Although essentially we wished to compare the overall aflatoxin exposure of the Murang'a population with another area in Africa or elsewhere, considerable sociological, geographical and meteorological data were available which indicated that the study area could be divided into 3 sub-areas (high, middle and low altitudes) offering different economic and agricultural conditions. This division was initially effected using the contour lines at 5250' and 6500' (shown diagrammatically in Fig. 1 ) and then allocating the sub-location units to the altitude sub-areas according to which side of the arbitrary lines the majority of the sub-location was found. Crops vary according to altitude and this makes for differences in the diets of the 3 altitude areas. The primary sampling stratum used was the " sub-location " and, using detailed maps, the 132 sub-locations were allocated as follows: In this design, equal weight was given to the 3 altitude areas rather than weighting according to the area populations since it was suspected that there would be some differential in aflatoxin exposure between the three sub-areas.
Collection of samples
The food collector, a Kikuyu ex-schoolmaster, was maintained in Murang'a township with a Land Rover, a driver, a deepfreeze and insulated cooler-boxes with plastic bag, coolant packs (" scotch-ice "). On a particular date, according to a detailed schedule, the collector proceeded to the relevant sub-location and with the help of the sub-location chief, found if possible the firstchoice randomly selected Examination of whole diets for carcinogens is expensive in both time and money and for many carcinogens suitable analytical methods have yet to be established. With this in mind, it was decided to preserve a complete one year's collected diets at -30TC to enable future examination for other suspect carcinogens when this appears possible or practical.
Aflatoxin analysis
After defrosting, the diet samples were homogenized in stainless steel containers on an MSE Atomix blender and 50 g samples were dried in vacuo for 16 hours over selfindicating silica gel. The sample was reweighed, transferred to a suitable glass container and mixed thoroughly with an equal weight of water. A volume of chloroform (ml) equal to 10 times the dried sample weight (g) was added, the stoppered container shaken for 30 minutes on a mechanical shaker and the contents filtered through Whatman No. 1 filter paper. An aliquot of the filtrate equal to half the volume of chloroform added was transferred to a suitable flask and taken down to dryness on a boiling water bath. The residue in the flask was dissolved in a volume of chloroform not greater than 5 ml, including washings, and transferred onto a 10 g Merck Keiselgel (0-05-0-2 mm) chromatography column with sodium sulphate plugs top and bottom (Eppley, 1968) . 100 ml of anhydrous diethyl ether was run through the column and rejected and the aflatoxins eluted with 150 ml of 3% methanol in chloroform.
The eluate was reduced to 25 ml on a boiling water-bath, shaken with anhydrous sodium sulphate, filtered, the residue washed with chloroform and finally taken to dryness on a steam bath. The residue in the flask was dissolved in chloroform and transferred to a small glass vial, not greater than 3 ml chloroform (including washings) being used, and taken to dryness. These vials were stored in a deep-freeze at -20°C until the thin-layer chromatographic examination (TLC).
Some of the diet samples and all of the beer samples were too wet to carry out extraction by this wet chloroform method. With such samples, 50 g of the homogenized diet was blended in 250 ml of 70% acetone for 6 minutes (Cucullu et al., 1966) . For the beers, 50 ml of beer plus 25 ml of water plus 175 ml of acetone were blended. The mixtures were filtered and 125 ml of filtrate diluted with 125 ml of water and extracted with two 50 ml portions of chloroform in a separating funnel. The combined chloroform extracts were taken to dryness and transferred to a chromatography column as above.
For TLC, the contents of the vial were dissolved in 0-63 ml of benzene and 10 ,ul spots applied to 500 ,u wet-thickness TLC plates prepared from Merck Keiselgel G. nach Stahl as described by Coomes et al. (1965) ; 0-63 ml is the calculated volume to give a detection limit of 1 ,ug/kg food under the conditions specified and the work of Stoloff, Beckwith and Cushmac (1968) has suggested benzene as a more suitable solvent than chloroform. Each 10 x 20 cm TLC plate was used for the application of 6 test spots and the centre spot was used for the application of a reference mixture of aflatoxins B and G. After development with 3% methanol-chloroform any ultra-violet fluorescent spots of Rf values within the aflatoxin area were ringed with a soft lead pencil and the plates re-developed with diethyl ether. This allowed differentiation of aflatoxins from certain blue fluorescers such as the metabolite of Macrophomina phaseoli (Crowther, 1968) and spots derived from sweet potato inclusions in the diets (Peers, unpublished data). Samples appearing positive were re-spotted on 2 fresh TLC plates with internal and external reference aflatoxin standards and developed with two other solvent systems: (a) 10% acetone-chloroform; (b) benzeneethanol-water (46 : 35: 19)-benzene-rich phase. Samples still appearing positive were then diluted to extinction using doubling dilutions in benzene and allocated to crude doubling aflatoxin ranges using an extinction coefficient of 0-4ng (Coomes et al., 1965) . Closer dilution series were prepared for each sample in order to allocate a contamination level to the nearest 0 5 ,ug/kg diet. With samples in the range 1-4 ,ug/kg diet, a further 200 g of homogenized diet were taken through the above procedure and the final extract combined with that already obtained from the 50 g sample.
The combined final extracts of the suspect samples were submitted to the partial confirmatory acetic acid-thionyl chloride procedure of Andrellos and Reid (1964) . With 47 diet samples -and 5 beer samples in the range 1 0-2 5 ,ug/kg or ,*g/l, only one spot was seen when the derivative procedure was carried out. These samples, which had been positive through the TLC screening procedure but gave only a single, just discernible, spot on derivative formation, are included as positives. Wiley, Waiss and Bennett (1969) have studied this reaction in detail and from their results, and those of Pohland, Yin and Dantzman (1970) , it is not surprising that only one isomer may be found when the test is used at the limit of sensitivity.
The solvent systems used do not separate aflatoxin B1 and B2 or G1 and G2 on the TLC plates (Coomes et al., 1965) but the proportion of B2 in natural and artificially produced contaminations is said to be low (Coomes et al., 1965; Hartley, Nesbitt and O'Kelly, 32 1963; Nabney and Nesbitt, 1964) . The whole of the fluorescence at the Rf corresponding to aflatoxin B has, therefore, been assumed to be due to aflatoxin B1. Although G aflatoxins were seen on a number of occasions, the present treatment of the data is concerned solely with B1 contaminationthe most toxic and carcinogenic of the major metabolites of A. fiavus.
The method of dilution to extinction with visual observation has limitations with respect to accuracy (see Pons and Goldblatt, 1969) but when the survey started the fluorodensitometric scanning of TLC plates as described by Pons, Robertson and Goldblatt (1966) and Pons (1968) was still being evaluated. In order to reduce the errors in the evaluations by dilution to extinction, these were always carried out by the same person.
Cancer registration
Whilst there are undoubted difficulties in obtaining representative samples in dietary surveys, cancer registration in areas where investigations of this type are likely to prove fruitful is possibly the more difficult and least accurate part of the experiment. Areas of study for dietary carcinogens may be dictated by a suggested high frequency of the cancer or by suspected high levels of the carcinogen. As the interval between carcinogen exposure and possible manifestation of liver cancer in man is unknown, registration need not parallel the food analysis and, in fact, future cancer rates should be a more reliable measure than current data. It is unlikely that reliable past data will have been established for a decade or so in areas which recommend themselves for such studies. However, in the Murang'a district it was judged that the way of life, agriculture and dietary habits had been sufficiently static to justify a preliminary assessment for association by attempting correlation of current cancer rates with contamination levels.
Cancer cases were registered in Murang'a Hospital from 1945 to 1950 by Clark (unpublished data) and when these are compared with the national data from the Kenya Cancer Registry (Linsell, 1967) no significant variation of the overall pattern emerged, liver cancer being the fifth most common neoplasm recorded in both series.
In the first year, 1967, of current registration from Murang'a, only histologically proven hepatocellular cancer cases were registered and approximate minimal crude incidence rates of 3/100,000 (male) and 2/100,000 (female) were assessed. These rates wNould have been higher if clinical diagnoses -were included but follow-up of such cases is very necessary as our experience does not parallel that found in Uganda (Davies and OwNor, 1960) Twenty-six cases had an histological diagnosis, 7 were based solely on the AFP test and 15 were based on clinical diagnosis with ensuing death, usually within 3 months.
A patient catchment study was carried out in the early part of the Murang'a survey to ensure complete local coverage of registration and further questions as to hospital visits by location residents were included in the information obtained during the food collection visits.
During the period over which the liver cancer data was collected, a total of 226 cancers other than liver were also registered from this population, of which all but 14 were traced back to their homes and allocated to the altitude sub-areas.
The overall cancer registration thus amounted to 274 cases in 4 years, i.e. an allsite, all-age rate of 19-9 per 100,000 per year. Table I shows the results of the mean contamination levels and the frequencies of aflatoxin-positive clusters and individual diets divided into 3 altitude areas and the seasons of collection.
RESULTS
The total data, with the high number of negative results (2261 out of 2432 diet samples collected) has been fitted to a Gamma function curve and a full analysis of variance carried out (Day, personal communication, 1971 Table III where the mean contamination levels have been evaluated for significance.
The overall result is that the only significant differences occur between altitude areas and this is true of both frequency of contamination and mean contamination level.
In Table IV the principal results obtained in the survey have been summarized and in Fig. 2 the calculated exposure data for males and females in the 3 areas is plotted against the liver cancer data available to date. In arriving at the exposure data a daily intake of 2 kg wet diet by 70 kg adults and of 2 litres of native beer by the males only have been assumed; these figures have been derived from the data collected during this study and the work of Bohdal, Gibbs and Simmons (1969) . In Fig. 2 
DISCUSSION
This study was originally undertaken to establish an aflatoxin level and liver cancer incidence relating to the whole of Murang'a district, which was to be later compared with a similar study carried out in an area of much higher liver cancer incidence. As stated earlier, the study was used to test the feasibility and methodology in relation to both the collection of samples and the analysis of mixed whole diets. The fact that we have been able to sub-divide the data and establish a significant association encourages the extension of this type of study.
Although the results reported here It is difficult to comment on the levels of aflatoxin in dietary samples and their possible relationship to human liver cancer as the susceptibility to aflatoxin varies so widely between, and even within, species (Butler, 1969) . If one assumes that the role of aflatoxin is one of chronic ingestion then the mean dietary level, including all the negatives, will be 0-23 ,ag/kg.
Aflatoxin has been shown to be a singledose carcinogen operating a year after exposure in rats (Carnaghan, 1967) and therefore it could operate in man as a single-dose on a background of tolerance of small doses and the level for Murang'a would be 3*2 ,tg/kg, the mean of positive samples only. This is still considered low when compared with the levels that could be expected if groundnuts were a regular inclusion in the Murang'a diet.
A survey of the dietary components included in the positive aflatoxin diets as opposed to the negative diets revealed that maize, millet, sorghum, pigeon peas, cabbage and yams appear to be included more frequently in the positive diets. The cabbage can probably be ignored as it is normally included as a fresh vegetable but the other staples are all dietary constituents in which aflatoxin contamination could be expected since they are often stored under conditions which are far from ideal.
Although more commonly associated with groundnuts, aflatoxin has been demonstrated in a wide range of dietary components (Loosmore et al., 1964) . However, the aflatoxin level is not usually so high with natural contamination of these foodstuffs and groundnuts appear to be a substrate of choice for extensive natural aflatoxin production by A. flavus. Based on nutritional data available for Murang'a district (Bohdal et al., 1969) , maize, the principal suspect dietary staple, would normally constitute about 40% of the dry weight of average diets. The aflatoxin contamination level of the positive diets varied from 1 ,tg/kg to 21 ,tgfkg and these levels would be equivalent to contamination levels of 7-160 ,ug/kg in the original maize at 10% moisture; this appears to be a reasonable range for natural contamination levels in maize (Golumbic cited by Griffiths, 1966; Peers, unpublished data; Alpert et al., 1971) .
A possible bias associated with the high proportion of liver cancer cases from the low area may be the site of the main district hospital within this area. We have 12 potential " cells " in the study area: 4 administrative divisions which run east to west by 3 altitude areas which run north to south. Preliminary allocation of the 45 " usable " liver cancer cases to these cells, together with a study of the hospitals from which they registered, did not suggest that there was a marked distance bias and tended to confirm that most cases are likely to reach medical care. We have further tested this possible bias using (i) the combined tuberculosis records for Murang'a district for the years 1964 and 1967; and (ii) As can be seen from Table V , the distribution of liver cancer is tending towards significance (0.10 > P2 > 0.05) and although a similar trend is found with the cancers other than liver the effect is much less significant (0.50 > P2 > 0.30). The tuberculosis data, where we have much larger numbers of cases shows no such trend (0.90 > P2 > 0.80) and this data would tend to support the fact that chronic disease cases are not deterred from attending hospital by increasing distance from the medical facilities. for aflatoxin content of diet (x) and percentage of liver cancer induction in rats (y) read over approximately a one-year period. His groups were of 9-15 rats at the various levels and his lowest disease incidence was about 10%, whereas in the human situation we are attempting to relate aflatoxin exposuires to incidence rates of the order of 0-005Oo. Hence it is most unlikely that such experimental data would cover the lower reaches of a correlation line or curve relevant to the human situation. However, it is of interest that our correlation line takes the same algebraic form as that determined experimentally for rats and for rainbow trout (Sinnhuber et al., 1968 (Bassir and Osiyemi, 1967, 1969; Dalezios, Wogan and Weinreb, 1971) .
The possibility of removing the potential carcinogen from the environment of a selected population is certainly difficult but the progressive urbanization which is occurring in developing countries may afford an opportunity of determining whether the liver cancer risk is decreasing with urbanization and the changes in food habits and sources of dietary staples.
